ABSTRACT Concentrations of endogenous opioid peptides in the plasma are increased during exercise and these substances have been implicated in the pathogenesis of asthma induced by chloropropamide and alcohol in diabetic patients. This work was undertaken to determine whether exercise induced asthma might be mediated by endogenous opioids. Plasma endorphin, met-enkephalin, and adrenocorticotrophic hormone (ACTH) concentrations were measured in five asthmatic patients and five normal volunteers breathing cold air during exercise. In four of the patients the effect of an infusion of naloxone on FEV, was also measured during exercise induced asthma. Exercise produced acute bronchoconstriction in all asthmatics, characterised by a fall in FEV,; whereas no change occurred in normal subjects. There was no difference in plasma met-enkephalin, ,B endorphin, and ACTH concentration between the two groups. Infusion of naloxone neither prevented nor worsened exercise induced asthma. These data suggest that endogenous opioids probably do not play a part in the development of exercise induced asthma. It has recently been reported that endogenous peptides with opiate like activity, such as enkephalin, may mediate the asthma and facial flush observed in some diabetics treated with chlorpropamide when they drink alcohol.7 Both sodium cromoglycate and the specific opiate antagonist were able to prevent the asthmatic reaction, which could be reproduced by an enkephalin analogue with opiate like activity.8 It is also known that various types of exercise increase plasma concentrations of endogenous opioids such as f endorphin.9' " The present study was therefore undertaken to investigate whether exercise induced asthma might also be related either to an increase in circulating opioid peptide-f endorphin or metenkephalin or both-or to increased sensitivity to endogenous opiates, or to both. For this purpose plasma f endorphin and met-enkephalin immunoreactivities were measured in asthmatic patients Address for reprint requests: Dr RC Gaillard, Clinique m&dicale, Hopital cantonal universitaire, 1211 Geneva 4, Switzerland. Accepted 23 October 1985 breathing cold, dry air during exercise. In four of these asthmatic subjects the effect of naloxone perfusion on the respiratory variables during exercise induced asthma was also measured.
Since their discovery -2 endogenous opioids have been shown to play a part in both physiological and pathophysiological conditions. Their role in the response to chronic pain,' in neuroendocrine regulation (for review see ref 4) , and in narcotic dependence' is well established. Their possible role in respiratory regulation is still under investigation. 6 It has recently been reported that endogenous peptides with opiate like activity, such as enkephalin, may mediate the asthma and facial flush observed in some diabetics treated with chlorpropamide when they drink alcohol.7 Both sodium cromoglycate and the specific opiate antagonist were able to prevent the asthmatic reaction, which could be reproduced by an enkephalin analogue with opiate like activity.8 It is also known that various types of exercise increase plasma concentrations of endogenous opioids such as f endorphin.9' " The present study was therefore undertaken to investigate whether exercise induced asthma might also be related either to an increase in circulating opioid peptide-f endorphin or metenkephalin or both-or to increased sensitivity to endogenous opiates, or to both. For this purpose plasma f endorphin and met-enkephalin immunoreactivities were measured in asthmatic patients Accepted 23 October 1985 breathing cold, dry air during exercise. In four of these asthmatic subjects the effect of naloxone perfusion on the respiratory variables during exercise induced asthma was also measured.
Methods

SUBJECTS AND PROTOCOL
Five patients suffering from exercise induced asthma and five healthy subjects (three men and two women in both cases) were studied. The subjects of the two groups did not differ in age, weight, or body surface area. The mean ages of the asthmatic and control subjects respectively were 29.2 (SE 4.2) and 30.3 (2.8) years, and the mean weights 65 (4.7) and 67.2 (3.6) kg. The mean body surface area was 1.72 (0.1) m2 for the asthmatic patients and 1.82(0.6) m2 for the control subjects. The patients were not receiving local or systemic corticosteroid treatment. The controls had not smoked or taken any medication or alcohol for at least 24 hours before the experiment.
The study protocol was approved by the ethical committee of the Department of Medicine, University Hospital of Geneva. Each subject (patients and normal volunteers) gave his written informed consent before starting the study.
Three days before the experiment a preliminary test determined the work load required to raise the heart rate to at least 80% of the predicted maximum. 12 The experiments were all performed between 8 and 10 am.
Exercise induced asthma and endogenous opioids After insertion of a cubital intravenous catheter the subjects were allowed to relax for at least 45 minutes. Forced expiratory manoeuvres were performed 15 minutes and immediately before the exercise as well as 0, 5, 10, 15, 20, and 30 minutes afterwards. The forced expiratory volume for one second (FEV1) was measured with a Fleisch pneumotachograph, connected to an 8805 B amplifier, and a Hewlett-Packard integrator 88 and recorded on a recorder. The best FEV1 out of two or three forced expirations was selected. The challenge consisted of 10 minutes of exercise on a bicycle ergometer. During the first two to four minutes the work load was increased stepwise to reach a stable level for the last six minutes. Throughout the test the subjects breathed through a mouthpiece and received dry, cool air generated by an apparatus similar to that described by Strauss etal."2 Twenty five millilitre blood samples were collected in chilled heparinised tubes at various times before and after the exercise. The tubes were immediately spun down at 4°C and the plasma was flash frozen and stored at -20°C until assayed.
NALOXONE INFUSION
The effect of naloxone was studied in four of the asthmatics (two men and two women). The protocol was as described above, except that the subjects received, in random order and double blind fashion, two infusions, with a minimum interval of one week between them-namely naloxone (0.4mg/min) and saline, infused by micropump through an indwelling venous cannula. The infusion was started five minutes before the beginning of the exercise test and continued for 20 minutes afterwards. Cardiorespiratory variables were measured as described above but no blood samples were taken. The protocol was performed twice on three of the patients and once on the fourth. The intra-assay coefficients of variation for the ACTH and fi endorphin assays were less than 8%, and less than 9% for met-enkephalin. The inter-assay coefficients of variation were respectively 15% .2°(1°)C and controls than in the asthmatic subjects. Plasma matics and ACTH concentrations in both groups showed a 2 in the con-pattern similar to that of ,B endorphin (fig4). ssed as perThere was no correlation between the heart rate at were similar the end of the exercise and the increase in I endorphin and 95 (2) in levels after the exercise. test twice with saline and only once with the naloxone on did not infusion. At the beginning of the second test with -nt and there naloxone he felt unwell while exercising and we had to )jects and the stop the experiment. The fourth patient had only one saline and one naloxone infusion, which was followed by generalized urticaria, starting 12 hours after the infusion, lasting for 36 hours, and requiring treatment. As shown in the The absence of significant differences in endorphin and met-enkephalin plasma concentrations between normal subjects and asthmatic patients appears to rule out these circulating opioids as a cause of exercise induced asthma. The increase in endorphin, which was sustained slightly longer in the asthmatic group, might be related to the more severe stress resulting from bronchoconstriction. To test this hypothesis, we decided to block the possible opioid effects by infusing the specific opiate antagonist naloxone. The dose of naloxone chosen was similar to that previously reported to block the induction of asthma by chlorpropamide and by alcohol and to reverse the asthma induced by an enkephalin analogue. 7 We therefore postulated that this dose should suffice to block both the naloxone sensitive p and the naloxone insensitive receptors. Even at this high dose, however, naloxone neither 353 blocked nor worsened exercise induced asthma. These results do not appear to support the hypothesis that such asthma is mediated by a local effect of opioid peptides, whether they act as neurotransmitters or as local hormones. We recognise that the number of subjects tested with naloxone was small and does not therefore preclude the existence of subgroups with different responses. The occurrence of undesirable side effects in two out of four patients prevented us from extending the study.
Although investigation of the effect of exercise on endogenous opioids was not the purpose of this study, we observed a significant rise in fi endorphin and ACTH concentrations after the exercise test but only a variable and non-significant effect on metenkephalin concentrations. The rise of the two peptides ACTH and Pi endorphin, derived from the common precursor pro-opiomelanocortin,25 has already been reported by others9'" after physical exercise. On the other hand, the absence of significant changes in met-enkephalin concentration was surprising, since exercise is associated with adrenal catecholamine secretion and met-enkephalin is cosequestered with catecholamines in the chromaffin granules of the adrenal medulla. A recent study, however, reports a significant rise in plasma met-enkephalin concentrations after one hour of treadmill exercise, although the response also showed considerable heterogeneity.20 Perhaps therefore our exercise test was either too short or not strenuous enough to produce increase in this peptide at the peripheral level.
